Ulcerative colitis (UC) is one of the major clinical phenotypes of inflammatory bowel diseases. Although 5-aminosalicylic acid (5-ASA) is widely used for UC and its efficacy and safety have been demonstrated, a few patients paradoxically develop a severe exacerbation of colitis by 5-ASA administration. It is crucial to know clinical features including endoscopic findings in this condition for making a correct diagnosis and a prompt decision to withdraw the medication. Here, we report case series with UC exacerbated by 5-ASA. Medical records of 8 UC patients experiencing an exacerbation of colitis after induction of 5-ASA that was improved by the withdrawal of 5-ASA but also re-aggravated by dose increase or re-administration of 5-ASA were reviewed. The patients were newly diagnosed with UC, started 5-ASA and developed an exacerbation in approximately 2 to 3 weeks. They did not appear to have systemic allergic reactions. Seven of the 8 patients had a high fever. Three of 5 patients who undertook total colonoscopy showed right-side-dominant colitis. These findings suggest clinical characteristics in this condition. Further assessment of clinical and endoscopic features in more cases is necessary for establishing diagnostic criteria and understanding underlying mechanisms in those cases where 5-ASA aggravates the colitis. (Intest Res 2018;16:635-640)
INTRODUCTION
5-Aminosalicylic acid (5-ASA) is the most widely used antiinflammatory medication for UC. Several types of 5-ASA formulations have been developed to deliver the drug to the colonic mucosa efficiently. In Japan, 3 types of oral 5-ASA formulations are approved for UC; pH-dependent release (Asacol ® , approved in 2009), time-dependent release (Pentasa ® , in 1996), and multi-matrix (Lialda ® , in 2016) formula.
Their clinical efficacy and safety for patients with active UC have been demonstrated in a number of clinical trials. [1] [2] [3] On the other hand, 5-ASA could paradoxically induce exacerbation of colitis symptoms similar to UC including abdominal pain, diarrhea, and rectal bleeding. [4] [5] [6] [7] [8] [9] [10] Since withdrawing 5-ASA is crucial for this condition, it is essential to suspect this adverse effect of 5-ASA and make a correct diagnosis promptly. For this purpose, it is important to know the clinical features including endoscopic findings in UC patients who develop an exacerbation of colitis symptoms due to 5-ASA, however, clinical features of such patients have not yet been extensively reported. Therefore, we retrospectively reviewed the medical records of patients experiencing UC exacerbations that were thought to be due to 5-ASA administration. Medical charts of UC patients registered in this 
CASE REPORT
We identified 8 patients (cases 1-8) who met our inclusion criteria (Table 1) . Of the 8 patients, 6 were male, and the median age is 29 years (range, 18-45 years). All of the 8 patients were newly diagnosed with UC, and 5-ASA was prescribed as the first-line medication (Pentasa ® in 3 patients [cases Five patients (cases 1-3, 5, and 6) had been initially hospitalized in other hospitals and treated with prednisolone (PSL) with the diagnosis of exacerbation of UC, and they were referred to our hospital because they did not respond to PSL. One patient (case 4) was referred to our hospital at the diagnosis of severe UC without administration of PSL. The other 2 patients (cases 7 and 8) had been treated at the outpatient clinic of our hospital. The 7 hospitalized patients (cases 1-6 and 8) were treated with PSL in addition to withdrawal of 5-ASA. Bacterial infectious colitis was excluded in these 7 hospitalized patients performing fecal bacterial culture and fecal Clostridium difficile toxin test. Immunohistochemistry of mucosal biopsy specimens for cytomegalovirus (CMV) at admission to our hospital was negative in 5 patients (cases 1, 3, 4, 6, and 8) while a positive result in 2 patients (cases 2 and 5). As high-dose PSL therapy had already started in these 2 patients before they were referred to our hospital, we diagnosed them as having reactivation of CMV due to the administration of high-dose PSL and administered ganciclovir in case 5. In these patients, although there is a possibility that CMV reactivation affected their symptoms, the symptoms of both patients were worsened by re-challenge of 5-ASA suggesting that 5-ASA was the primary cause of the exacerbation of colitis rather than CMV. One patient (case 2) received cyclosporine A because acute aggravation and progression to toxic megacolon were concerned. Following the withdrawal of 5-ASA, their symptoms promptly improved and clinical remission was achieved even in patients who had been diagnosed with PSL-resistant severe UC. No patient eventually required surgery. The other patient (case 7), who was afebrile and did not need hospitalization, stopped 5-ASA at the outpatient clinic and improved promptly.
Seven patients (cases 1, 2, and 4-8) were re-administered oral 5-ASA after their colitis symptoms had improved and during PSL was being tapered (cases 1, 2, 4-6, and 8). In case 3, colitis symptoms were aggravated by increasing dose of 5-ASA in other hospitals and the patient did not take 5-ASA after referred to our hospital from the second hospital. After achieving remission, 3 patients were treated with im- 2 and 3) . The 7 hospitalized patients had endoscopic examinations, and total colonoscopy was performed in 5 patients (cases 1, 2, and 4-6). There was no evidence for endoscopic findings that suggested CD in any patient. Three out of the 5 patients showed right-side-dominant colitis (cases 2, 4, and 5). One patient, case 4, had left-side-dominant colitis at the initial diagnosis (Fig. 1) . However, the colonoscopy performed when referred to our hospital after starting 5-ASA revealed multiple deep ulcers in the ascending colon and cecum (Fig.  2) . The endoscopic findings of other parts of the colon and the rectum were compatible with moderately active UC and there was no remarkable change in disease activity in these areas. 
DISCUSSION
5-ASA is a key medication in pharmacological therapy for UC. It has been shown that 5-ASA is effective not only for induction of remission but also for maintenance of remission in patients with UC. 12 5-ASA is well tolerated and its adverse effects are generally mild including a headache and gastrointestinal symptoms such as nausea, abdominal pain, and watery diarrhea. Meanwhile, some severe adverse events were reported, including arthritis, 13 bone marrow suppression, 14, 15 nephrotoxicity, 16 pancreatitis, 17,18 pericarditis, 13, 19 pneumonitis, 20 and exacerbation of colitis symptoms. We found 7 case reports that presented 10 patients with aggravation of bloody diarrhea after 5-ASA administration. [4] [5] [6] [7] [8] [9] [10] Here, we reported 8
UC patients who experienced exacerbation of colitis symptoms related to 5-ASA administration. The strength of our case series is that we included only patients in whom the involvement of 5-ASA in exacerbation of colitis symptoms was confirmed by the re-challenge of 5-ASA. We demonstrated that common clinical features of a 5-ASA-related exacerbation are similar to severe UC including fever, abdominal pain, and bloody diarrhea and the exacerbation develop in approximately 2 to 3 weeks after starting 5-ASA in newly diagnosed patients. It is notable that fever tended to be high (≥38°C) and the level of CRP elevated. These results indicate that an aggravation induced by 5-ASA should be clinically suspected during the initial few weeks of a newly started 5-ASA treatment when symptoms seemed to improve temporally but worsened afterward. If 5-ASA does not improve symptoms, it is difficult to raise a suspicion of 5-ASA-induced aggravation of colitis. It may be necessary to withdraw 5-ASA for a while in such patients to exclude the possibility of 5-ASA-induced aggravation before starting steroids. Interestingly, we observed right-side-dominant colitis in 3 out of 5 patients who underwent total colonoscopy. Given luminal contents are retained for a long time in the right colon due to peristalsis as well as reversed peristalsis, these endoscopic features suggest the possibility that 5-ASA stay in the right colon for a longer time than in other areas of the colon and the higher concentration of 5-ASA cause more severe mucosal injury with some mechanisms in the right colon. In this case, this pathological condition could be 5-ASAinduced colitis rather than an exacerbation of UC by 5-ASA. While an allergic reaction to 5-ASA has been postulated as a mechanism of worsening by 5-ASA, the common symptoms in our case series, that is, high fever without any skin eruptions or other allergic symptoms, were not typical as a systemic drug allergy. On the other hand, there still be a pos- sibility that local allergic reactions occur in colonic mucosa. There are few reports on the endoscopic finding of patients who experienced worsening of colitis symptoms by 5-ASA. Kapur et al. 6 presented a case of a 30-year-old male patient who was intolerant to Asacol ® , Pentasa ® , and Salofalk ® . The patient, who had been in remission, had a rectal challenge with 5-ASA suppository and developed an exacerbation of symptoms. Colonoscopy and histological examination were performed before and after the challenge, demonstrating that active mucosal inflammation was induced by a single administration of suppository of 5-ASA. Biopsy specimens showed active inflammation with a diffuse infiltrate of neutrophils in the lamina propria. There was no clinical or histological evidence of allergic reaction. Sturgeon et al. 7 presented 2 cases of a 34-year-old male patient and a 27-year-old male patient who were thought to be exacerbated by 5-ASA. In the first case, colonic biopsy specimens showed predominant neutrophil infiltration after 5-ASA treatment. Interestingly, he had shown marked eosinophilic infiltration when he had been intolerant to sulfasalazine (SASP). The second patient initially developed chest pain and myalgias without any change of colitis symptoms with 5-ASA. Later he presented chest pain, myalgias, abdominal pain and frequent bloody stools when the dose of 5-ASA was increased. Then the authors evaluated the mucosal response to local 5-ASA administration and showed that infiltration of the lamina propria with eosinophils and neutrophils was pronounced with worsening edema and crypt destruction. These case reports strongly suggest the possibility that 5-ASA may directly injure colonic mucosa by a mechanism different from an allergic reaction, while the second case reported by Sturgeon et al. 7 seems a part of the allergic reaction. These findings underscore the importance of determining if the right-side-dominant colitis that we found is characteristic to UC patients aggravated by 5-ASA.
In conclusion, we reported 8 UC patients who experienced exacerbation of colitis symptoms induced by 5-ASA administration and demonstrated their clinical features including endoscopic findings. Our case series have educational implications and contribute to making a correct diagnosis of 5-ASA-related exacerbation. It is important to collect more cases and assess clinical and endoscopic features for establishing diagnostic criteria and understanding underlying mechanisms in this condition.
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